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A B S T R A C T
The environmental performance of construction products and assemblies is a determinant factor for the en-
vironmental sustainability of buildings. Increasing willingness of stakeholders in the construction sector for
green procurement, better-informed decisions and consideration of environmental aspects increase the need of
transparent, objective and independent information on the environmental performance of construction products.
Environmental product declarations EPD based on the European standard EN 15804 are used in the construction
sector since 2012. In parallel, since 2011, the European Commission EC has developed a common method for the
assessment of the environmental performance of products: the Product Environmental Footprint PEF. After a
pilot phase, the PEF method has evolved, and some updates were published in early 2019. The EN 15804
standard has also been revised, and therefore it is the ideal time to seek the harmonization of Life Cycle
Assessment LCA methods. This paper presents a pioneer study applied to the construction sector that focus on the
comparison between the PEF method 2019 updated and the EPDs developed according to the Core rules for the
product category of construction products presented in EN 15804 EN 15804:2012+A1:2013, recently updated
by EN 15804:2012+A1:2013 +A2:2019.
The comparison was performed by listing and analysing key requirements of both methods and their updates.
From the results, it was possible to conclude that the methods have very distinct requirements that make the
comparison of results or the alternate use of PEFs and EPDs impossible, for instance, in the decision-making
process. This highlights the need of harmonisation and therefore the discussion includes the presentation of a
roadmap to update the PEF method and the EN 15804 standard so that results can be more coherent and
comparable.
1. Introduction
Environmental awareness of the effects of pollution and resource
depletion leads to increasing demand for environmental information on
products and services. The LCA method is widely accepted and well-
established to quantitatively analyse the environmental impacts of ac-
tivities related to processes, products or services (EC, 2013a). LCA is an
internationally standardised method by ISO 14040 series: ISO 14040
concerning Principles and framework (ISO, 2006a); ISO 14044 con-
cerning the Requirements and Guidelines (ISO, 2006b). LCA allows the
quantification of all relevant emissions, resources consumption and of
the related environmental impacts associated to any goods (products)
or services. This method takes into account a product’s whole life cycle:
from the extraction of resources, through production, use, and re-
cycling, up to the disposal of the remaining waste (EC - JRC, 2010; ISO,
2006a, b).
Currently, several European standards, developed by the Technical
Committee (TC) 350 of the European Committee for Standardization
(CEN) (TC350/CEN), are published concerning the assessment of the
construction works’ sustainability performance in the three sustain-
ability pillars (CEN/TC, 2012a, b; CEN/TC, 2011a, b). Both TC350/CEN
and ISO have also developed standards concerning the communication
of environmental impacts, namely the EPDs, which aim at providing the
construction sector with LCA information on construction materials
(CEN/TC, 2013; ISO, 2006c).
EPDs have been used in several sectors and countries before the
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development of specific European sectorial standards or Product
Category Rules (PCR). In an evaluation of EPD schemes (Mudgal et al.,
2012, it was found that there were already more than 10 EPDs or “EPD
like” schemes identified in selected countries. In a sectorial approach,
six initiatives were identified for the construction sector. However, the
development of specific standards such as ISO 21930 (ISO/TC 59, 2007)
and EN 15804 (CEN/TC, 2013) as core set of PCRs for EPDs had al-
lowed the harmonisation of such declarations, namely the latter that is
focused in construction products in Europe. The development of the
umbrella association of programme operators, the Eco Platform (Eco
Platform, 2019), was also based on the existence of a common PCR that
allows the mutual recognition of EPDs developed according to EN
15804. Currently, this platform recognises 18 established programme
operators that use this standard. It has published more than one thou-
sand EPDs (Eco Platform, 2019) that can be used by stakeholders
(building owners, designers, building companies) all over the world,
with a special focus on Europe.
In parallel, in 2011, the European Commission (EC) launched the
Single Market for Green Products Initiative, in which new methods are
proposed as a common way of measuring the environmental perfor-
mance of products and services: The Product Environmental Footprint
(PEF) and the Organisation Environmental Footprint (OEF). PEF and
OEF methods are developed in a cross-sectorial approach, also applic-
able to the construction sector. In 2013, an EC Recommendation was
released on the use of common methods to measure and communicate
the life cycle environmental performance of products and organisations
(EC, 2013b). The PEF initiative had a pilot phase that was concluded in
2018. Both the development of the PEF method and the progress during
the pilot phase strongly influenced the revision of the European Stan-
dard EN 15804 towards the harmonisation with the PEF method (CEN/
TC 350, 2019). Moreover, following the conclusion of the pilot phase of
the PEF initiative, the Joint Research Centre (JRC) published a set of
suggestions for updating the method (Zampori and Pant, 2019), named
“PEF Guidance Document”. These suggestions include the improvement
of identified fragilities but also some changes to answer the main dis-
cussions raised by the scientific community around this method and to
make it closer to the pre-existing standards.
So far, several studies have analysed EPD programmes and their
PCR, and compared PEF and EPD methods, to provide information on
the environmental performance of products in general (Del Borghi
et al., 2019; Manfredi et al., 2015; Minkov et al., 2015; Passer et al.,
2015; Subramanian et al., 2012). Specifically for construction mate-
rials, discrepancies between different EPD programmes or even be-
tween environmental performance assessment and communication
methods have been analysed but did not focus on the comparison be-
tween PEF and EPDs (Gelowitz and McArthur, 2017; Ströbele and
Lützkendorf, 2019). Moreover, critical views were published on the PEF
method (Bach et al., 2018; Finkbeiner, 2014), namely pointing dis-
crepancies between PEF and the existing LCA standards or on the use of
PEF method in wooden materials (Dolezal and Boogman, 2016).
Nevertheless, a comparative analysis of the requirements of EN 15804
and PEF, specifically in the construction sector, which includes the
comparison between the current proposal for revising EN 15804 stan-
dard (CEN/TC 350, 2019) and the suggestions of the JRC to update the
PEF method (Zampori and Pant, 2019), was not developed so far. Such
comparison and analysis of the application of each of these methods is
the main objective of this paper. Moreover, and considering the revised
European standard on construction products’ EPDs, it analyses the
possible convergence process between the methods.
This paper comprises five sections, including this introduction. The
second section describes the present context, evolution and standardi-
sation of the methods analysed (LCA, the communication of environ-
mental performance through Type III environmental declarations, in
general and specifically for construction products, and the PEF
method). Section 3 presents the methodology for comparison, dis-
cussing the criteria used. A detailed presentation and discussion of the
results achieved is included in the fourth section. The last section
suggests an outlook based on the results and summarises the main
conclusions of this research study.
2. Background
2.1. Life cycle assessment method and its evolution
According to Guinée et al., the first studies that are now recognised
as (partial) LCAs date from the late 1960s and early 1970s (Guinée
et al., 2010). Since then, and mainly in the decades of 1970–1990, there
was a path for the development of the LCA method with diverging
approaches, terminologies, and results. Later, during the decades of
1990–2000, the first standards were developed, namely by the inter-
national Standardization Organization ISO: ISO 14040, ISO 14041, ISO
14042 and ISO 14043ISO, 2006a. These standards were later revised
and aggregated into two: ISO 14040 - Environmental management - Life
cycle assessment - Principles and framework ISO, 2006a and ISO 14044
- Environmental management - Life cycle assessment - Requirements
and guidelines (ISO, 2006b). However, there was no common agree-
ment on how to interpret some of their requirements. Thus, several
approaches were developed considering distinct scope, allocation rules,
dynamic LCA, etc. (Guinée et al., 2010), as well as diverse assessment
methods (e.g. different classification of material flows, impact cate-
gories, and characterisation methods, and discussion on the application
of normalisation and weighting steps).
At the European level, the pursuit of sustainability (and life cycle
thinking) in several sectors has been a priority for some years, reflected
in the main policy documents published, such as thematic strategies
and communications from the Commission to the European Parliament.
In the construction sector, this issue is highlighted namely by the
Communication on Resource Efficiency Opportunities in the Building
Sector (EC, 2014) and by the Thematic Strategy for the sustainable
competitiveness of the construction sector and its Enterprises (EC,
2012).
In the Thematic Strategy for the Sustainable Competitiveness of the
Construction Sector and its Enterprises (EC, 2012), the EC states the
need of harmonised indicators, codes and methods to assess the en-
vironmental performance of construction products, processes and
works. This will allow the concept of sustainable construction to be
better understood and more widely used. These assessment tools should
ensure a coherent and mutually recognised interpretation of the per-
formance while supporting proper functioning of the Internal Market
for construction products and services. In the pursuit of these aims, the
EC set some priorities, namely:
• To present initiatives to improve the mutual recognition of en-
vironmental performance and risk-assessment methods;• To support the development of an EU-wide life cycle cost-benefits
model for Green Public Procurement and introduce sustainable de-
velopment principles in regional policy;• To develop harmonised rules on the declaration of the performance
characteristics of construction products concerning the sustainable
use of natural resources in the context of the Construction Products
Regulation (CPR) (EU, 2011).
2.2. Communication of Environmental related information in the
construction sector - EPDs
In parallel with the development and implementation of LCA stan-
dards, the communication of environmental assessment results has also
been the object of standardisation. The International Standardization
Organization developed standards referring to several types of en-
vironmental declarations:
• ISO 14020 - Environmental labels and declarations. General
V. Durão, et al. Resources, Conservation & Recycling 156 (2020) 104703
2
Principles;• ISO 14021 - Environmental labels and declarations - Self-declared
environmental claims (Type II environmental labelling). It standar-
dises environmental declarations for which products do not need to
comply with previously defined criteria. These Type II declarations
are developed by the production company and are not verified by an
independent third party;• ISO 14024 - Environmental labels and declarations. Environmental
Labelling Type I. Principles and procedures. Standardises declara-
tions that qualify the declared product, as they ensure that it com-
plies with a pre-established minimum reference level of environ-
mental performance (defined by the labelling programme), and
consists of an instrument aimed at communicating with the final
consumer;• ISO 14025 - Environmental labels and declarations - Type III en-
vironmental declarations - Principles and procedures (ISO, 2006c).
Standardises EPDs, which do not qualify the product as they do not
ensure a given level of performance. Rather, they objectively com-
municate the results of an LCA study developed according to stan-
dardised methods and are usually subject to third party verification.
Nevertheless, ISO 14040, ISO 14044 and ISO 14025 leave space for
important methodological choices during the LCA study and the de-
velopment of an EPD. Therefore, even ISO 14025 compliant EPDs may
be not comparable, as shown by several studies (Gelowitz and
McArthur, 2017; Subramanian et al., 2012). Thus, besides these ISO
standards, standardisation activities were developed specifically for
construction products both by ISO and by the European Committee for
standardisation (CEN), Technical Commission 350 (CEN/TC 350,
2001), on Sustainability of construction works, to better specify the
requirements of EPDs for construction products, namely, in the business
to business format:
• ISO 21930 - Sustainability in building construction - Core rules for
environmental declarations of construction products and services
(ISO/TC 59, 2007);• EN 15804 - Sustainability of construction works - Environmental
product declarations - Core rules for the product category of con-
struction products (CEN/TC 350, 2019);• EN 15942:2011 - Sustainability of construction works -
Environmental product declarations - Communication format busi-
ness-to-business (CEN/TC 350, 2001).
ISO 21930 was initially meant to provide the principles and re-
quirements for type III environmental declarations EPD of building
products. It provided a framework and the basic requirements for PCR
(ISO/TC 59, 2007) but was not a PCR for this product category. It
contained specifications and requirements for the EPD of building
products, complementing ISO 14025.
A Programme Operators Consortium (Mazeffa, 2017) states, that
comparing ISO 21930 to EN 15804, some concerns arise, namely that:
• EN 15804 and its assumptions was developed specifically for
Europe, so ISO 21930 tended to be seen as more appropriate for
other geographical areas such as North America;• ISO 21930 was more flexible in its reporting/structure, which was
more attractive to industries;• ISO 21930 required less detail in the PCRs/EPDs;• US inventories could not meet the requirements outlined in EN
15804.
After being revised, ISO 21930 (ISO/TC 59, 2017) provides the
principles, specifications and requirements to develop an EPD for
construction products and services, construction elements and in-
tegrated technical systems used in any type of construction works. It
now establishes a core set of requirements to be considered as core PCR
to develop an EPD for any construction product or service. This new
version of ISO 21930 is closer to EN 15804 than the previous one, in-
cluding:
• The adoption of the EN 15804 module reporting;• Guidance provided in areas such as functional/declared unit, system
boundary, data and quality requirements, reference service life, al-
location, comparability, average EPDs, and other critical areas of
LCA;• End-of-life (EOL) modelling (especially module D);• Accounting and reporting for biogenic carbon, carbonation, radio-
active waste, volatile organic compounds (VOC) and product emis-
sions to air, soil and water;• Guidance on sub-category PCRs.
These standards have supported the development of several EPD
programmes worldwide, with a great focus on EN 15804 as a core PCR
for construction products in Europe (Minkov et al., 2015). This research
work focused mainly on the European standard EN 15804 as a core PCR
developed for the European context and used as the main reference for
the EPD programmes for construction products in Europe. Some of
these are, for instance, the IBU, by the Institut Bauen und Umwelt e. V.
(Germany), the Alliance HQE- GBC / Programme FDES INIES (France),
the Global EPD by AENOR (Spain), the ITB by the Building Research
Institute (Poland) or the DAPHabitat by the Portuguese Habitat Cluster.
The European umbrella association of programme operators, the Eco
Platform (Eco Platform, 2019), also uses EN 15804 as main reference
and criteria for the recognition of the EPD programmes. Together with
LCA practitioners, industrial associations and other stakeholders, the
Eco Platform ensures a coherent framework for EPDs and for their
mutual recognition, when developed under the established audited and
recognised EPD Programme Operators, with a special emphasis on the
construction sector.
In all these cases, EPDs are developed according to PCRs (usually
system specific), that provide guidance and requirements on the LCA to
be performed for a defined product category. PCRs are particularly
important in defining the boundaries of the system being studied, the
declared or functional unit of the study, the methodology to be used
and the information to be included in the EPD.
As referred in Section 2.1, the sustainability of resources’ use is also
regulated by the CPR (EU, 2011), which provides harmonised rules for
the marketing of construction products in the EU and refers to the use of
EPDs. CPR Annex I establishes the basic requirements for construction
works, including three that specifically address environmental aspects,
being the last one introduced by this document. Therefore, the fol-
lowing should be, in some way, included in the environmental or per-
formance declarations:
• Requirement (3): Hygiene, health and the environment;• Requirement (5): Protection against noise;• Requirement (7): Sustainable use of natural resources.
Furthermore, in the introduction of the CPR document (§55), it is
referred that Requirement (7) also comprises the recyclability of con-
struction works, their materials and parts after demolition, the dur-
ability of construction works and the use of environmentally compa-
tible raw and secondary materials. It is stated that, when available,
EPDs should be used to support the assessment of sustainability in re-
source use and the potential impact of construction works on the en-
vironment.
2.3. PEF and applications to construction materials
PEF is intended to be a harmonised methodology for the calculation
of the environmental footprint of products (based on a life cycle
thinking approach and on existing standards (Galatola and Pant, 2014).
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PEF was developed as a cross-sectorial approach, also applicable to the
construction sector, which is applicable for both in-house needs (e.g.
identification of environmental hotspots) and external communication
(Manfredi et al., 2015). The framework of the PEF initiative is based on
EC documents and political orientations that influenced the lifecycle
thinking implementation policy, namely:
• The Sustainable Consumption and Production and Sustainable
Industrial Policy Action Plan (Council of the European Union,
2008);• The conclusions of the Council on sustainable materials manage-
ment and sustainable production and consumption (Council of the
European Union, 2010);• The Roadmap to a Resource Efficient Europe (EC, 2011);• The Single Market for Green Products Initiative (EC, 2013a).
Within the Single Market for Green Products Initiative, a series of
activities were developed that resulted in a Commission
Recommendation on the use of common methods to measure and
communicate the life cycle environmental performance of products and
organisations (EC, 2013b). Following the first stage of PEF and OEF
methods development, a pilot phase was implemented, between 2013
and 2018 (DG Environment, 2018). From this, a series of PEF pilots
were developed based on the respective PEF Category Rules (PEFCR).
PEFCRs are PCR that allow a more specific set of rules and product
category specific guidelines for the development of PEFs and whose
main objective is to allow comparison between PEFs within the same
product category (Minkov et al., 2015). The pilot phase included three
products within the construction sector: decorative paints (Carasso
et al., 2018), hot and cold-water supply pipes (Vollebregt et al., 2019)
and thermal insulation (Ravel et al., 2019). After the conclusion of the
pilot phase, the JRC gathered a set of recommendations to update the
method that are expected to be officially uptaken (Zampori and Pant,
2019).
As referred and similarly to EPDs, the development of PEFs is sup-
ported by the use of specific PCR the PFCRs. However, according to ISO
14025, EPDs shall be developed and provided under an EPD pro-
gramme, and subjected to the general programme instructions and
particularly to the PCR. The mentioned programme is administrated by
a programme Operator, such as a company, an association, public au-
thority or agency, an independent scientific body or other organization.
Considering that there is no Programme Operator nor a clear decision
on how LCAs will be further used, PEF cannot be identified as an EPD
scheme according to ISO 14025 (Finkbeiner, 2014).
In summary, the PEF initiative addresses the need for harmonized
methods to calculate and communicate environmental information in
Europe. This allows the development of a “Single Market for Green
Products”.
3. Methodology
To achieve the proposed objectives, a review was developed on the
LCA methodology, its evolution and standardisation, the development
of the PEF methodology and of the communication of environmental
related information through EPDs. The comparison between the PEF
and EPDs for construction materials is focused on the key requirements
of the former, as identified in the PEF method and summarised in Annex
X of the Commission Recommendation of 2013 (EC, 2013b) and of the
latter as defined in EN 15804. These requirements are listed and ana-
lysed in Tables 1–7 and are the following ones:
• Life cycle thinking based;• PCR development and the role of PCR;• Communication target/audience;• Declared unit, Unit of analysis and Reference flow;• System boundaries and Life cycle stages;
• Cut-off;• Modelling approach;• Capital goods inclusion;• Data quality assessment;• Data type and collection;• Dealing with data gaps;• Allocation in multifunctionality;• Allocation for recycling;• Number of LCIA impact categories;• Normalisation and weighting;• Interpretation of results;• Reporting;• Review and reviewer qualifications.
For each requirement, the versions from 2013 (CEN/TC 350, 2013;
EC, 2013b) and the updates from 2019 (CEN/TC 350, 2019; Zampori
and Pant, 2019) were considered and are discussed in Section 4.
This work identifies efforts already developed towards harmonisa-
tion and suggests further options to promote the integration of the re-
ferred methods.
4. Results and discussion
The main objective of this work is to compare the two main methods
and corresponding tools to assess and/or communicate the environ-
mental performance of construction products at the European level:
PEFs and EPDs. Tables 1–7 summarise the comparison between PEF
method and EN 15804, similarities between them are highlighted in
bold.
The PEF method is based on the existing LCA standards ((ISO,
2006b, 2006c) and on standards regarding the communication of en-
vironmental performance, namely those specific for construction pro-
ducts (CEN/TC, 2013; ISO / TC 59, 2007; ISO, 2006c). However, its
2013 version conflicted with the ISO and European standards on LCA
for Type III labels i.e. ISO 14040, EN 15804, ISO 21930 and ISO 14025
(CEN/TC, 2013; ISO / TC 59, 2007; ISO, 2006a, 2006c) in several areas
(Finkbeiner, 2014). EPDs are being developed for some years in Europe,
based on ISO and European standards. EN 15804 is the most relevant in
this context. While the PEF is a method for the calculation of the en-
vironmental footprint, an EPD is a communication tool for LCA study
results, under a voluntary programme for verified type III environ-
mental declarations, both referring to products (goods and services).
The results presented in this study demonstrate that, even though both
PEF method and EN 15804 compliant EPDs are based on the life cycle
method, they are different in most of the key requirements and LCIA
choices, as discussed in the following paragraphs and in Tables 1–7.
Besides key requirements to be presented and discussed, a relevant
difference was found between the terminology considered in each
method. Many terms were introduced by PEF that conflict with the
mentioned standards, for instance: activity data instead of non-ele-
mentary flow; company-specific or site-specific data instead of primary
data; and unit of analysis instead of the functional unit. These termi-
nology discrepancies were addressed both in the suggestions for up-
dating the PEF method and in the revision of EN 15804 standard, thus
they do not persist in the latest documents of both methods.
Table 1 summarises the main general aspects compared. Although
both PEF and EN 15804 require the development of PCR, the PEFCR
limits the methodological options of the practitioner. For instance, the
PEFCR already provides a screening step that allows refining the scope
and includes the identification of secondary datasets and scenarios for
the LCA stages after the manufacturing, as well as possible exclusions.
The existence of a benchmark for a representative product is also a
characteristic and added value of the PEFCR. This benchmark is the PEF
of a representative product for that product category and allows posi-
tioning the analysed products and also the verification of the plausi-
bility of the results. Furthermore, if it is necessary to apply cut-offs, the
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benchmark provides support to determine the importance of excluded
flows or processes in the resulting environmental impacts. The bench-
mark also supports both the validation of a posterior PEF study and a
better-informed decision within a green procurement process. To pro-
mote comparability of EPDs at the product level, EPD programme op-
erators may consider a better specification of methodological choices in
future versions of PCR, namely in the definition of scope and bound-
aries, secondary datasets and cut-off criteria. Still in Table 1, it is pos-
sible to verify that, although both LCA assessment and communication
methods can be used for business-to-business B2B communication, this
is really the primary objective of EN 15804 EPDs, while PEF is also
intended for in house applications and business-to-consumer B2C ap-
plications. This may influence, for instance, the choice of performing
cradle-to-gate studies in the case of EPDs, dedicated to provide Archi-
tecture, Engineering and Construction (AEC) professionals with in-
formation on the construction products before its application on the
building. On the contrary, a final consumer would be more interested in
a PEF for including the impacts of the whole life cycle of the product as
it is integrated in the building.
In terms of scope, there are several differences between the two
methods (Table 2). In PEF, the functional unit is to be defined not only
according to the functions/services provided, but also to the magnitude,
the expected level of quality and the duration/lifetime of the product.
According to EN 15804, in the EPD there may be a declared unit, not
depending on the product’s function. The system boundaries in PEF
include a cradle-to-grave approach while in EN 15804 the mandatory
stages are cradle-to-gate. However, in its updated version, EN 15804
also foresees the declaration of all stages of the products’ life cycle. It is
controversial that it makes sense to include all life cycle stages in the
analysis of a product with such a long-expected service life, sometimes
50 years or more, considering all the uncertainty of the use and end-of-
life stages. However, if the scenarios are fixed, this will increase com-
parability. The scope of the two methods was harmonised with the
revision of EN 15804, which now foresees a clear preference for a
functional unit instead of a declared one, although the basis for the
definition of the functional unit are still not perfectly aligned, and PEF
is more specific in the requirements for this definition. The system
boundaries also evolve towards harmonisation, with cradle-to-grave
approach to be applied in both methods.
In the PEF method, the modelling options are limited to the
guidelines of the applicable PEFCR. The current PEF method does not
allow cut-offs and there are several LCA experts that do not agree with
this approach (Bach et al., 2018; Finkbeiner, 2014; Minkov et al.,
2015). Therefore, this situation is better specified in the suggestions to
update the PEF method. The suggestions state that, as a base rule, it is
not possible to consider cut-offs during the screening step and that all
available information should be considered in an LCA study. If it is not
possible to consider all information, cut-offs are allowed based on
specific rules detailed in the PEFCRs depending on the significance of
neglected flows for the potential impacts. Thus, cut-offs are allowed
only after the screening step and based on the significance of the po-
tential environmental impacts of the excluded flows. In EN 15804, the
cut-off rule is based on the share of the excluded mass or energy flows.
This aspect is not directly comparable, but the low percentage of al-
lowed exclusions should ensure that differences in the obtained results
are not significant. Still related to the modelling options, while PEF
applies elements from both attributional and consequential approaches,
EN 15804 is attributional. The revision of EN 15804 and the end-of-life
allocation harmonised this aspect with the PEF approach, since EPD
will also apply elements from both attributional and consequential
approaches.
In the life cycle inventory or resource use and emissions profile of
both methods, the data quality assessment overall covers the same as-
pects (Table 3). Both in the revision of EN 15804 and in the suggestions
for updating the PEF Method, a quantitative quality assessment method
is established. Sources of secondary data are more restricted in PEF,
since, according to the updating suggestions, if no Environmental
Footprint compliant (EF-compliant) or ILCD-EL compliant proxy is
available, then the process shall be excluded from the model. This is an
aspect in which the PEF method should be developed to be more har-
monised with EN 15804: in the absence of EF-compliant or ILCD-EL
compliant proxy, other scientifically validated databases should be al-
lowed as a proxy, even if this situation is reported as a limitation of the
LCA study.
Regarding the guidelines for multi-functionality allocation, the
hierarchy for choice is similar (Table 4). The main difference is that in
PEF system expansion is within the first option along with subdivision.
In EPDs, according to EN 15804, the system boundary expansion is not
applied. This would conflict with the rationale of attributional LCA used
in EPDs (Del Borghi et al., 2019). For the EOL allocation, the PEF Guide
proposes a specific recycling allocation equation to calculate the Re-
source Use and Emissions Profile (RUaEP) based on the benefits ac-
counting of using recycled materials and recycling at the end-of-life
phase of a product. EN 15804 considers this allocation differently,
setting the system boundary at the point the end-of-waste state is
reached. This way, the potential impacts of the waste treatment pro-
cesses are assigned to the product system that generates it. In its revised
version, EN 15804 sets the same approach for the EOL allocation as the
PEF method, again harmonising the methodological choices.
Concerning LCIA, a big discrepancy was identified between the
impact categories analysed (Table 5), and the characterisation methods
used in both methods (Table 6). However, in the calculation of mid-
point impact indicators, the revision of EN 15804 is aligning the LCIA
methods with the ones used in the PEF methodology (Table 6). Con-
sidering that decision-making is an objective of the use of LCA studies
for the construction products, as well as the fact that the users of the
LCA results are not experts, the increase in the number of indicators
may cause some misunderstanding in the analysis of results. Moreover,
to facilitate B2C communication, the PEF allows the calculation of
single indicators through the normalisation and weighting steps of the
Table 1
Summary of the main differences between the key requirements of PEF 2013 version and 2019 suggestions for update and EPD methods EN 15804:2012+A1:2013
and revised - EN 15804:2012+A1:2013+A2:2019 - General aspects.
Requirement EC PEF method (2013) EN 15804:2012+A1:2013;
Suggestions for update (2019) EN 15804:2012+A1:2013+A2:2019
Life cycle thinking based Yes Yes
PCR development and role
of PCR
(2013) PEFCR enables comparisons and comparative
assertions. Covers key areas (screening, background and
foreground processes, etc.) and provide benchmark
information. This method provides guidance on the
development of PEFCR and on their use.
EN 158014 provides core PCR for Type III environmental declarations for any
construction product and service. The programme operators shall develop specific
PCR.
In general, it does not enable comparisons at the product level, but only at the
building or assembly level. PCRs for EPDs do not have to cover areas like screening
foreground processes or provide benchmark information.(2019) This method extensively defines PEFCR development
requirements and includes a PEFCR template.
Target/audience In house applications; B2B.
External applications: B2B and B2C.
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LCIA, but this is not allowed in the EPD method, according to the rules
set in the EN 15804 standard. Although facilitating the understanding
and direct comparison potential of the reported results, these steps,
especially weighting, add subjectivity to the analysis and disregards the
variability of the weighting factors depending, for instance, on geo-
graphic location.
According to the PEF guide, interpretation of results has strict
guidelines for the identification of hotspots, while having specifications
also for the estimation of uncertainty and conclusions, limitations and
recommendations (Table 7). In the EN 15804, there are no specific
recommendations on the interpretation of results. However, the appli-
cation of the PEF guidelines’ principles to the LCA project report that
supports the development of EPDs is another harmonisation suggestion.
This option may increase the usability of LCA results both for internal
identification of hotspots and process improvement and external uses
like communication of most relevant impacts, uncertainty, etc.
In PEF method and in EN 15804, there are specific guidelines to
report the results. One big difference in this requirement is that the PEF
report is public, while in the case of EPDs the declaration is public, but
the report may be confidential, provided only to the system operator
Table 2
Summary of the main differences between the key requirements of PEF 2013 version and 2019 suggestions for update and EPD methods EN 15804:2012+A1:2013
and revised - EN 15804:2012+A1:2013+A2:2019 - Scope and boundaries.
Requirement EC PEF method (2013) EN 15804:2012+A1:2013;
Suggestions for update (2019) EN 15804:2012+A1:2013+A2:2019
Declared unit, Unit of
analysis and Reference
flow
(2013) Unit of analysis defined according to: (2013) The declared unit may be used instead of the functional unit when the
precise function of the product or scenarios at the building level is not stated or is
unknown.
• The function(s)/service(s) provided: “what”; If a functional unit is used, it is based on:
• The magnitude of the function or service: “how much”; • The quantified, relevant functional use or performance characteristics of the
construction product when integrated into a building, taking into account the
functional equivalent of the building;
• The expected level of quality: “how well”; • The product’s Reference Service Life or required service life of the under
defined in-use conditions.
• The duration/lifetime of the product: “how long”; (2019) The declared unit shall be applied if a functional unit cannot be defined.
• The NACE code(s).
(2019) Terminology was adapted to functional unit, which is
still defined according to the previous text.
System boundaries and Life
cycle stages
(2013) Cradle-to-grave, divided into foreground processes (i.e.
core processes for which there is direct access to information)
and background processes (i.e. processes for which no direct
access to information is possible).
(2013) Mandatory: Cradle-to-gate (Modules A1-A3):
LC stages included: • Extraction and processing of raw materials and secondary material input
processing (A1);
• Raw material acquisition and pre-processing (including
production of parts and unspecific components);
• Transportation (A2) to the manufacturer;
• Manufacturing (production of the main product); • Production (A3);
• Distribution (product distribution and storage); • Other life cycle stages may be declared.
• Use stage; (2019) For all construction products and materials the following LC stages shall
be declared:
• End of life (including product recovery or recycling). • Raw materials supply (A1)
• Transport (A2)
(2019) Product dependent processes shall be included in the
system boundary of the PEF study. Product independent
processes shall be excluded from the system boundary and
qualitative information may be provided.
• Manufacturing (A3)
• Deconstruction/demolition (C1);
• Transport (C2);
• Waste processing (C3);
• Disposal (C4);
• Benefits and loads beyond the system boundaries (D).
Modules C1–C4 and module D may be omitted for products which fulfil all three
of the conditions below:
• The product or material is physically integrated with other products during
installation, so they cannot be physically separated from them at the end of life,
and
• The product or material is no longer identifiable at the end of life as a result of a
physical or chemical transformation process, and
• The product or material does not contain biogenic carbon.
Cut-off (2013) No cut-off allowed. In case of insufficient input data or data gaps for a unit process, the cut-off
criteria shall be 1% of renewable and non-renewable primary energy use and 1%
of the total mass input of that unit process. The total of neglected input flows per
module, e.g. per module A, B, C or D shall be a maximum of 5% of energy use
and mass.
(2019) Processes and elementary flows may be excluded up to
3.0%, based on material and energy flows and on the level of
environmental significance (single overall score) - previous
screening process.
Modelling approach Applies elements from both attributional and consequential
approaches.
(2013) Attributional.
(2019) Applies elements from both attributional and consequential approaches.
Capital goods inclusion (2013) capital goods included. Not specified.
(2019) it excludes capital goods and their infrastructures
unless proven relevant.
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and verifiers. Reporting feeds the verification step. According to the
PEF Guide, any PEF study intended for internal communication
claiming to be in line with the PEF Guide, and any PEF study for ex-
ternal communication e.g. B2B or B2C, shall be critically reviewed
through an independent external review process. There are specific
requirements for verifiers and, if a single person does not fulfil all re-
quirements, more verifiers shall join the verification team until the total
number of mandatory requirements is fulfilled. In the case of EPDs,
verification is mandatory if the EPD is to be registered under an EPD
programme. The programme operator establishes the verification
checklist and requirements for verifiers, as well as a pool of in-
dependent verifiers, but there are no specific requirements for the
verifiers. In this case, the existence of requirements for the verifiers
could bring more transparency in the selection of the pool of verifiers,
and it could be another convergence possibility to be considered.
5. Conclusions
The main objective of this work was to compare the two main tools
to assess and communicate the environmental performance of con-
struction products at the European level, the PEF method and the
European standard 158014, for the development of EPDs. The results of
the analysis performed show that, in their 2013 versions in force at the
beginning of the study, there were important methodological di-
vergences between these methods. These divergences were, however,
overcome with the publication of the updated PEF method and, mostly,
with the 2019 revised version of EN 15804. Harmonisation happened,
for instance, in the boundaries of the LCA study, end-of-life allocation,
data quality requirements and on the LCIA, i. e. the considered impact
categories and used characterisation methods.
Nevertheless, it was concluded that so far existing EPDs and PEFs
(or the benchmarks, PEF results for a representative product of the
product category, available in PEFCRs) cannot be compared for the
same material in the form they are currently established. Thus, for
decision-making, stakeholders cannot compare results from both
methods
For the EPD programmes framed by EN 15804, the standard refers
that EPDs are tools that can provide a comparison between construction
products or services in the context of their application in a building.
Comparability between EPDs developed for the same category of pro-
ducts or for products that fulfil the same function at the building or
assembly level is straightforward since the EPDs present the
Table 3
Summary of the main differences between the key requirements of PEF 2013 version and 2019 suggestions for update and EPD methods EN 15804:2012+A1:2013
and revised - EN 15804:2012+A1:2013+A2:2019 - LCI data.
Requirement EC PEF method (2013) EN 15804:2012+A1:2013;
Suggestions for update (2019) EN 15804:2012+A1:2013+A2:2019
Data quality
assessment
• Technological representativeness; • Technology coverage shall reflect the physical reality;
• Geographical representativeness; • Geographical coverage;
• Time-related representativeness; • Time-related coverage (as current as possible (updated within 10 years for
generic data and 5 years for specific data); 1-year averaged data to be used; the
time period over which inputs to and outputs from the system shall be accounted
for shall be 100 years);
• Completeness; • Completeness;
• Parameter uncertainty; • Precision;
• Methodological appropriateness and consistency: for processes or
activities accounting for 70% of contributions to each impact
category, data shall be quantitatively assessed and achieve at least
an overall “good quality” level.
• Consistency;
(2019) Implementation of Data Needs Matrix (to evaluate data
requirements); Data quality ratings.
• Sources of the data.
(2019) It also specifies the possibility of using one of two following data quality
assessment systems (UN Environment Global Guidance on LCA or PEF method
assessment systems).
Data type and
collection
(2013) Specific data: for all foreground processes and for
background processes, where appropriate.
(2013) Primary data: First choice: specific + average data. However, (CEN/TR
15941:2010) generic data may also be used to refer to the manufacturer’s own
process (on site).
Generic data: only for processes in the background system, unless
(generic data) are more representative or appropriate than specific
data for foreground processes. They shall be sourced from:
Secondary data: Data from other sources such as literature or databases may be
used for the processes the producer cannot influence; documentation of
technological, geographical and time-related representativeness shall be provided.
No specific data source is recommended. The practitioner must follow the defined
data quality requirements to select secondary data (Silvestre et al., 2015).
• Data developed in line with the relevant PEFCRs; (2019) Terminology was adapted to specific and generic data. The documentation
format and datasets for the LC inventory data used in the LCA modelling shall use
the current ILCD format and nomenclature.
• Data developed in line with the requirements for PEF studies;
• ILCD Data Network;
• ELCD.
(2019) Implementation of a refined hierarchy:
• Use an Environmental Footprint (EF) -compliant proxy;
• Use an ILCD entry level (EL) compliant proxy;
• If no EF-compliant or ILCD-EL compliant proxy is available, then
the process shall be excluded from the model (reported as a data
gap and validated by the verifier).
Dealing with data
gaps
(2013) Any data gaps shall be filled using best available generic or
extrapolated data and shall not account for more than 10% of the
overall contribution to each impact category considered, based on
the initial screening.
In case of insufficient data or data gaps for a unit process, it may be filled by
conservative assumptions with average or generic data. If not possible, cut-offs
allowed are described earlier in this table.
(2019) Data gaps shall be filled only with EF-compliant or ILCD-EL
compliant proxy. If no EF-compliant or ILCD-EL compliant proxy is
available, then the process shall be excluded from the model.
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information in an objective and uniform way. However, this situation
can be compromised by methodological choices during the LCA study
or by choice of different databases for secondary information. In the
case of the PEF method, comparability is clearly stated as an objective.
Therefore, there are clear guidelines for the background data to be used
and for the scenarios to apply, for instance in the case of end-of-life
stages, ensuring that comparability focuses on specificities of the pro-
duct or manufacturer and is not biased by an external factor or in-
adequate use of background information.
At the moment there is a great effort on the harmonisation of co-
existing LCA calculation and reporting methods, including PEF and EN
15804, and of the several EPD schemes currently operating. The im-
plementation of the suggestions to update the PEF method (Zampori
and Pant, 2019) and the current proposal for revising the European
standard EN 15804 (CEN/TC 350, 2019) will make both methods for
the construction sector closer and facilitate the integration of environ-
mental information provided by each of them. Nevertheless, even with
the efforts to update the methods, EN 15804 cannot be yet completely
replaced with PEF. The reasoning for this is that although PEF shall
provide very strict PEFCRs, it is still a global method within the Single
Market for Green Products. At the same time, EN 15804 is a PCR for the
construction sector, also implying that program operators need to de-
velop the specific PCR for the different types of construction products.
Additionally, EN 15804 is still the only method that takes into account
some specificities of the construction sector, such as the fact that con-
struction products or assemblies are to be part of a building and are not
final products. Another critical limitation of PEF, compared to EN
15804, is that, without a program operator, it is not clear who ensures
the quality of the LCA study and the transparency of the process. For
now, there are no construction products’ EPDs nor PEFs or benchmarks
developed according to the updated methods. Therefore, it is not pos-
sible to compare what the convergence of the results would be if the
updates were applied.
It is important to acknowledge the relevance that EPDs already have
in the construction sector, since they are still widely used (Ibáñez-Forés
et al., 2016). There are numerous EPDs currently published and prob-
ably a lot more that are still being developed during the transition
phase to the revised version of the EN 15804 standard. The update of
the EN 15804 will imply a change in the methodology applied in the
LCA study and also in the environmental information declared. This
implies that results shall be carefully interpreted in order to identify
what standards or regulations were considered in each study. However,
existing EPDs are valid until their expiration date, so manufacturers
may delay the investment in the update of their EPDs until then. This
may happen even later, if that date occurs at an early stage of the
transition phase and the programme operator does not yet provide
Table 4
Summary of the main differences between the key requirements of PEF 2013 version and 2019 suggestions for update and EPD methods EN 15804:2012+A1:2013
and revised - EN 15804:2012+A1:2013+A2:2019 – Allocation.
Requirement EC PEF method (2013) EN 15804:2012+A1:2013;
Suggestions for update (2019) EN 15804:2012+A1:2013+A2:2019
Allocation in multifunctionality Hierarchy: (2013) Hierarchy:
(1) Subdivision or system expansion; (1) Avoidance of allocation by subdivision: dividing the unit process to be allocated
into different subprocesses that can be allocated to the co-products;
(2) Allocation based on a relevant underlying physical
relationship (substitution may apply here);
(2) If no data on sub-processes is available for subdivision, then partitioning
reflecting the underlying physical relationship;
(3) Allocation based on some other relationship. (3) Allocation based on physical properties when the difference in revenue from the
co-products is low; in all other cases, it shall be based on economic values
(exception: material flows carrying specific inherent properties shall always be
allocated reflecting the physical flows, irrespective of the allocation chosen for the
process).
(2019) Calorific content, composition [biogenic carbon content, CaO/Ca(OH)2
content, etc.], shall not be allocated but always reflect the physical flows.
Allocation for Recycling (2013) Specific guidance (including formulae) provided,
also accounting for energy recovery. EOL allocation
formula is provided based on the 50:50 approach.
(2013) End of Life (EOL) system boundary: until the end-of-waste state is reached:
EOL treatment including recovery or recycling processes is assigned to the product
system that generates the waste. If further processing is needed to be introduced in
another product system, this is considered to be beyond the system boundary and
are assigned to the optional informative module D (Silvestre et al., 2014).
(2019) New formula for harmonised approach: the
Circular Footprint Formula (CFF), which is a
combination of "material + energy + disposal".
(2019) New end of life formula added to converge to the PEF method.
Table 5
Summary of the main differences between the key requirements of PEF 2013 version and 2019 suggestions for update and EPD methods EN 15804:2012+A1:2013
and revised - EN 15804:2012+A1:2013+A2:2019 - Impact assessment.
Requirement EC PEF method (2013) EN 15804:2012+A1:2013;
Suggestions for update (2019) EN 15804:2012+A1:2013+A2:2019
Nr. of LCIA impact
categories
(2013) 14 (2013) 7
(see Table 2) (2019) 16 (with subdivisions) (2019) 13 core indicators+ 6 additional indicators
Normalisation and
weighting
(2013) Not required. If applied, methods and results shall be reported
under “additional environmental information”.
No normalisation or weighting: impact assessment; includes only
classification and characterisation steps.
(2019) Following the steps of classification and
characterisation, the EF impact assessment shall be
complemented with normalisation and weighting.
Interpretation of results Assessment of the robustness of the PEF model, identification of hotspots,
estimation of uncertainty and conclusions, limitations and
recommendations are mandatory. Specific guidelines, namely for the
identification of the most relevant impact categories, life cycle stages,
processes and elementary flows.
No identification of hotspots nor recommendations required, because it is
not required to be declared (interesting mainly for in house uses).
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updated PCRs. During the transition phase to the revised standard,
programme operators shall work on the update of their systems, PCRs
and further requirements applicable so that, at the end of this phase, the
revised standard is completely implemented. Meanwhile, it is crucial
that stakeholders like EPD programme operators, LCA practitioners,
manufacturers recognise the differences and are aware that results are
not comparable for studies performed according to distinct methods,
even if only PEF or EPD are being compared but were not developed
according to the same standard.
The harmonisation of the LCA method and of the communication of
the environmental performance will support both green procurement
and the overall pursuit for sustainability in all sectors, and specifically
in the construction sector.
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